The Hubble Space Telescope UV Legacy Survey of Galactic Globular Clusters is providing a major breakthrough in our knowledge of Globular Clusters (GCs) and their stellar populations. Among the main results, we discovered that all the studied GCs host two main discrete groups consisting of first generation (1G) and second generation (2G) stars.
INTRODUCTION
The discovery of multiple stellar sequences in the photometric diagrams of Globular Clusters (GCs) in our Galaxy has raised, in the last years, new questions about the physical and dynamical processes responsible for the chemical inhomogeneities observed in different generations of stars (Bedin et al. 2004; Piotto et al. 2015, hereafter Paper I; Milone et al. 2017, hereafter Paper IX) .
Indeed, several photometric and spectroscopic studies have demonstrated that the split of the characteristic evolutionary sequences in colour magnitude diagrams (CMDs) is connected to the variation, in the surface abundance of stars, of elements produced through CNO cycling and hot proton-capture processes (C-N, Na-O, Mg-Al anti-correlations) and, in turn, to helium content differences among different stellar populations (see Gratton et al. 2012 ; and references therein).
Various theories have been put forward so far about the nature of the primordial generation of polluters, including Asymptotic Giant Branch (AGB) stars (D'Antona et al. 2005; D'Ercole et al. 2010; D'Antona et al. 2016) , fast rotating massive stars (Decressin et al. 2007) , massive interacting binaries (de Mink et al. 2009 ) and supermassive stars (Denissenkov & Hartwick 2014) , but no firm conclusion has still been achieved (see Renzini et al. 2015 ; hereafter Paper V, for a critical confrontation of these scenarios with the observational constraints).
Each proposed scenario envisages different yields of helium in the enriched material out of which second-generations stars are formed but we still miss information on the helium content of the different stellar populations in most GCs.
Direct measurements based on the of helium lines in the spectra of GC stars are, in fact, limited to Horizontal Branch (HB) stars with effective temperature (T eff ) in the range ∼ 8, 000 -11, 500 K (Villanova et al. 2009; Marino et al. 2014) , where the cold boundary corresponds to the T eff at which appear the first optical He lines and the hot boundary to the T eff at which atomic diffusion processes (gravitational settling) begin to significantly alter the surface helium abundance (Grundahl et al. 1999; Brown et al. 2016 ; hereafter Paper X).
An alternative method based on the observation of the chromospheric near-infrared He transition line at 10 830 Å in Red Giant Branch (RGB) stars has been employed by Dupree et al. (2011) and Pasquini et al. (2011) for the clusters NGC 5139 (ω Cen) and NGC 2808, although for a few RGB stars only.
On the other hand, a multiwavelength photometric approach based on the comparison of the observed colour difference of the multiple Main Sequences (MSs) and/or RGBs with appropriate theoretical models has been applied to few GCs, namely NGC 104, NGC 288, NGC 2419, NGC 2808, NGC 5139, NGC 6352, NGC 6397, NGC 6441, NGC 6752, NGC 7078 and NGC 7089 , for which the relative helium abundance of the different sub-populations was estimated (Piotto et al. 2005 Villanova et al. 2007; di Criscienzo et al. 2011; Milone et al. 2012b,c; Bellini et al. 2013; Milone et al. 2013 Milone et al. , 2014 Nardiello et al. 2015, hereafter Paper IV) .
Alongside the colour difference, an important evolutionary feature sensitive to the helium content of an old stellar population is the RGB Bump (RGBB) that, in a CMD, appears as a clump of stars along the RGB (e.g. Cassisi & Salaris 1997; and references therein) . It is as well recognizable as an excess in the histogram distribution of the magnitude, or differential luminosity function (LF), of the RGB stars (Thomas 1967; Iben 1968 ). The RGBB is produced by the three-fold passage of the RGB stars through the same luminosity interval during their evolution.
Indeed, during the ascent of the RGB, the hydrogen-burning shell of a star steadily moves outward thereby approaching the chemical discontinuity left behind by the first dredge up. The increase in the opacity due to the larger hydrogen abundance just above the shell causes a temporary drop in the stellar luminosity that, once the shell has gone through the discontinuity, starts again to grow monotonically (Sweigart et al. 1990) .
While the amplitude of the chemical discontinuity affects the RGBB lifetime, which is reflected in the size (peak height) and shape (width) of the LF excess (Bono et al. 2001; Nataf 2014) , its characteristic brightness is determined by the maximum penetration of the convective envelope that, in turn, depends on parameters like age, metal abundance and helium content of the stars . For these reasons the RGBB shape and luminosity represent fundamental tools to probe the inner chemical profile of the Red Giant stars and constraints on the knowledge of the aforementioned stellar parameters in a cluster. In particular, an increase of helium makes, at fixed age and metallicity, the RGBB luminosity brighter (and the lifetime shorter). As a consequence, the RGBB location can be used to constrain the relative helium abundance of multiple populations in GCs. However, a RGBB magnitude separation caused by variations of a few percent in mass fraction of helium content, Y, in different stellar populations, is only detectable with homogeneous, high precision photometry.
An empirical investigation on the correlation between RGBB magnitude difference and helium content variation was presented in Bragaglia et al. (2010) , who measured the displacement in V band of the LF peak of a combined sample of 1368 Na-poor and Na-rich Red Giants belonging to 14 GCs, corresponding to an average abundance difference in Y of 0.01 ± 0.01 by assuming the same heavy elements distribution in the Na-poor and Na-rich stars. Similarly, Nataf et al. (2011) concluded that the gradient of the RGBB brightness and star counts with the radial distance observed in NGC 104 (47 Tuc), was consistent with the presence of a helium enriched stellar population in the cluster centre.
A previous attempt to use the RGBB magnitude difference to infer helium content variations in a GC has been done by Milone et al. (2015b;  hereafter Paper III) for NGC 2808, in which two out of the five stellar populations of the cluster have a RGBB which location is compatible with a helium enrichment of Y ∼ 0.03 and ∼ 0.10 with respect to the cluster reference population.
In this paper and in Paper III we assumed that the reference population has standard helium abundance Y = 0.245+1.4 Z, where Z is the cluster metallicity (Pietrinferni et al. 2004 ). Hence, we assumed in Paper III an helium abundance of Y = 0.248 for the primordial stellar component of NGC 2808. We also verified that the resulting helium enhancement inferred for the second generation does not depend on assumed helium abundance of 1G stars.
The aim of this work, which is part of the Hubble Space Telescope (HST) UV Legacy Survey of Galactic Globular Clusters (Paper I), is to identify, for the first time, the RGBB of the distinct stellar populations of 56 GCs and constrain their differential content in helium.
Our sample includes NGC 2808, which has been analysed in Paper III using a similar method. We have excluded NGC 5139 because the multiple stellar populations in this cluster show an extreme degree of complexity (e.g. Johnson et al. 2009; Marino et al. 2011; Bellini et al. 2017 ) that deserves a separate analysis.
The paper is organized as follows. In Section 2 we describe the photometric catalogues, the data reduction techniques and the selection criteria of the stellar populations. The methods used to the determine the luminosity of the RGB bump for the distinct stellar populations in each GCs are described in Section 3. The comparison with theoretical models and the helium abundance estimates are illustrated in Section 4. Finally, Section 5 provides the summary and the discussion of the results.
CLUSTER DATABASE AND DATA REDUCTION
In the present work we have used the photometric catalogues, presented in Paper I and Paper IX, of the HST UV Legacy Survey of GCs program (G0-13297, PI G. Piotto), in UV (F275W and F336W) and optical (F438W) bands, obtained with the Ultraviolet and Visual Channel of the Wide Field Camera 3 (WFC3/UVIS) on board HST. These observations were complemented with WFC3/UVIS data collected in the same filters for GO-12605 and GO-12311 (PI G. Piotto) and from archive data that, in fact, extend the spectral coverage of the ACS/WFC optical (F606W and F814W) data of the clusters observed in the ACS Survey of GCs Treasury Program (G0-10775, PI A. Sarajedini).
Since the details on the entire dataset, exposure times and data reduction have been already provided in Paper I and Paper IX, here we briefly summarize the data reduction technique employed to obtain the final catalogues.
Each individual UVIS exposure has been corrected for poor charge-transfer efficiency according to the solution provided by Anderson & Bedin (2010) . The photometric reduction has been performed with the software img2xym_wfc3uv, developed by Jay Anderson and mostly based on the program img2xym_WFC (Anderson & King 2006) . The magnitude of saturated stars was recovered from saturated images with the procedure described in Anderson et al. (2008) , developed from the method of Gilliland (2004) , which takes into account the electrons bled into adjacent pixels. Stellar positions have been corrected for geometric distortion according to the solution of Bellini et al. (2011) . Calibration to the VEGAMAG system was performed by applying the encircled energy distribution and zero points listed in the STScI website for the UVIS detector 1 , following the recipe of Bedin et al. (2005) . ACS/WFC data reduction has already been described in Anderson et al. (2008) and we refer the interested reader to this paper for details about the adopted procedures.
The catalogues have been purged from non-cluster members and photometric outliers, taking into account cluster proper motions and the quality indexes provided by the reduction software. Proper motions have been obtained by comparing the average stellar positions in two epochs (Anderson & King 2003; Piotto et al. 2012) , derived from WFC3 F336W/F438W images and ACS catalogues by Anderson et al. (2008) . Quality indexes provided by the software (Anderson et al. 2006 (Anderson et al. , 2008 allowed to select stars measured with high-accuracy in the proper-motion selected catalogues, by adopting the procedure detailed in Milone et al. (2009) . Finally the correction for differential reddening and Point Spread Function spatial variation, illustrated in Milone et al. (2012a) was applied to each catalogue.
Selection of first and second stellar populations
Spectroscopic investigation on the chemical signature of multiple populations in GCs has shown that the second stellar generations 2 are enriched in sodium and nitrogen and depleted in carbon and oxygen, thus indicating that they formed from material exposed to some degree of CNO processing (Prantzos & Charbonnel 2006) .
In this context, the F275W, F336W and F438W filters are ideal tools for the photometric identification of the distinct stellar populations because their passband encompasses the absorption wavelengths of the OH, NH, CN and CH molecules, respectively (Paper III) . This is clearly demonstrated in the m F336W vs. C F275W,F336W,F438W diagrams displayed in Paper I. Indeed the pseudo-colour C F275W,F336W,F438W = (m F275W − m F336W ) − (m F336W − m F438W ), is an efficient tool to separate the multiple stellar populations along the MS, RGB and AGB.
In addition, the wide colour baseline provided by the F275W and F814W magnitudes considerably improves the sensitivity of our observations to the stellar temperature and, in turn, to helium abundance variation among multiple populations in a cluster.
To identify the two main populations we used the ∆ C F275W,F336W,F438W vs. ∆ F275W,F814W diagrams, introduced and discussed in Paper III and Paper IX. These diagrams have been referred to as chromosome maps in Paper V and we will keep using this denomination in the following. The quantities ∆ F275W,F814W and ∆ C F275W,F336W,F438W are indicative of the relative distance of a star with respect to the blue and red boundary of the RGB (m F275W − m F814W ) colour and the C F275W,F336W,F438W pseudocolour, respectively.
For example, in the upper-left panel of Figure 1 we show the chromosome map of NGC 104 3 . A glance at the plot indicates that the star distribution is far from being homogeneous. This impression is confirmed by the corresponding stellar density diagram, shown in the lower-left panel, which displays a group of prominent clumps elongated from the upper-left to the lower-right corner and centred at (∆ F275W,F814W , ∆ C F275W,F336W,F435W ) ∼ (−0.17, −0.32) and other minor clumps aligned in an almost horizontal band at ∆ C F275W,F336W,F435W 0.15. In order to tag the two main stellar populations visible in this diagram, we took advantage of the selection already performed in Paper IX for all the GCs observed in the UV Legacy Survey of Galactic Globular Clusters. The plot is divided into two parts by a black dashed line. All the stars located below the line are tagged as first generation(s) (1G) and plotted over the density diagram as green dots, while the stars located above the line are tagged as secondary generation(s) (2G) and plotted as magenta dots. In the rest of the paper we will use the same colour code for 1G and 2G stars.
We note in passing that substructures are visible for each stellar group in the density diagram thus demonstrating that both 1G and 2G stars host stellar sub-populations (see for instance Milone et al. 2015a, hereafter Paper II, and Paper III and Paper IX) . In this paper we are interested in the average properties of 1G and 2G stars and we focus on these two main populations only.
Paper IX has shown that the chromosome maps of a sample of GCs, including NGC 362, NGC 1261, NGC 1851, NGC 5139, NGC 5286, NGC 6388, NGC 6656, NGC 6715, NGC 6934, NGC 7089 show a split of both 1G and 2G sequences and a split SGB, which is also visible in optical CMDs. The faint and the bright SGBs are connected to the blue and red RGBs, respectively, in the m F336W vs. m F336W − m F814W CMD (see also Han et al. 2009; Marino et al. 2011 Marino et al. , 2015 . Spectroscopy reveals that red-RGB stars are enhanced in s-process elements, iron, and overall C + N + O abundance with respect to blue-RGB stars (Marino et al. 2009 Yong et al. 2008 Yong et al. , 2009 Yong et al. , 2014 Carretta et al. 2010; Johnson et al. 2015 Johnson et al. , 2017 . The relative luminosity of the RGB bump of the blue and the red RGB is affected by their relative abundance of iron and C + N + O. Since these quantities are poorly known in most of the analyzed clusters, in this paper we focus on blue-RGB stars only.
In the right panel of the figure we plotted the m F814W vs. ∆ C F275W,F336W,F435W diagram of the RGB stars of the cluster. We also highlighted, with a black box, the approximate location of the 1G and 2G RGBBs. In the next two sections we will describe in detail the method used to determine the RGBB luminosity and infer the average difference in helium abundance between the 1G and 2G in each cluster.
DETERMINATION OF THE RGB BUMPS LUMINOSITY
In this section we describe the method to estimate the magnitude difference between the RGBB of 1G and 2G stars in all the studied GCs. As an example, we illustrate in Figure To determine the position of the RGBB of each population we first defined a magnitude bin w = 0.1 mag, and then built the LF of the 1G and 2G stars over a range of 0.8 mag centred on the approximate location of their RGBB, as shown in the right panel of Figure 2 . Both the LFs were obtained by adopting the method of the naive estimator of Silverman (1986) . In a nutshell, we divided the analysed magnitude range into a regular grid of m i F814W points w/10 mag apart and, for each point, we counted the number of stars in the interval m i
To determine the RGBB luminosity, m F814W,bump , of both the 1G and 2G stars we constructed, for each LF, a kernel density estimator by using a Gaussian kernel function with variance equal to 4/25 w 2 .
The resulting kernel density estimates of the 1G and 2G stars are plotted, respectively, as green and magenta solid lines in the right panel of Figure 2 . The magnitude corresponding to the maximum of each function has been taken as our best estimate of the bump luminosity for that population in the F814W band.
The error associated with each m F814W,bump estimate was computed by carrying out 1,000 bootstrapping tests on random sampling with replacement of the RGB stars in the selected magnitude interval. The 68.27th percentile of the distribution of the bootstrapped m F814W,bump measurements was considered the standard error of the RGBB magnitude estimate. The vertical error bar associated to the green and magenta bold points in the left and middle diagram represents, respectively, the 1G and 2G m F814W,bump uncertainty for the cluster NGC 104.
We applied the above procedure to derive the RGBB magnitude and the corresponding uncertainty also in the F275W, F336W, F438W and F606W bands. This outcome derives from the combination of the adopted filters and the chemical properties of the two different cluster populations. Indeed, the F275W and F435W (or F438W for WFC3/UVIS) filter passband encompasses, respectively, OH bands and CN and CH bands, while the F336W NH bands. Since 1G stars are carbonand oxygen-rich and nitrogen-poor, they appear brighter than 2G stars in the F336W band and fainter in the F275W and F435W bands. Conversely 2G stars, formed by CNO-processed material, are carbon-and oxygen-poor and nitrogen-rich, therefore appearing fainter than 1G stars in F336W band and brighter in the F275W and F435W (F438W) bands (Paper I). The optical F606W and F814W filters are instead mostly sensitive to the stellar T eff , thus indicating that 2G stars are on average hotter than 1G stars, possibly due to their enhanced helium content (Milone et al. 2012b ).
Statistical significance of the RGB Bumps
The statistical significance of the RGBB detection is inferred by comparing the observations with a sample of 10,000 simulated m F814W vs. ∆ F275W,F814W diagrams. This method, similar to that used in Paper III, is described in the following and illustrated, for the GC NGC 104, in Figure 4 . In panel (a) of Figure 4 we show the m F814W vs. ∆ F275W,F814W diagram of the two stellar populations of the cluster while in panel (b) we show corresponding LFs. The red and blue dot-dashed lines plotted over the LFs are the lines of best fit of the 1G and 2G LFs, respectively. Since the computation of the best-fit line of a RGB LF could be affected by the RGBB overdensity, we decided to exclude, for each LF, all the points within 0.15 mag from the corresponding RGBB. The excluded portions of the 1G and 2G LFs have been coloured green and magenta, respectively. For simplicity, in the following we indicate the corresponding magnitude interval as RGBB segment, while the difference between the area of each LF and the area below the corresponding best-fit line, in the RGBB segment, as dA obs . The fact that dA obs is greater than zero can be either an intrinsic feature of the LF itself due to the RGBB or can be an artefact due to the photometric errors and the small number of analysed stars.
To discriminate between these two possibilities, we applied the following method to the 1G and 2G stars separately. For each stellar population we simulated 10,000 m F814W vs. ∆ F275W,F814W diagrams, each composed of 5,000 artificial stars. By construction, the LF of each simulated diagram has the same input slope of the observed LF best-fit line. Hence a sub-sample with the same number of stars as in the observed diagram was randomly extracted from the simulated stars. For each extracted sample of stars, we derived the LF i and its slope by following the same prescriptions used for the observations. Then, we calculated the difference dA i,sim between the area of the LF in the RGBB segment and the area below the corresponding best-fit line. If dA i,sim were systematically smaller than dA obs , then the observed stellar overdensity would be likely due to the presence of a RGBB. In the opposite case, the observed stellar overdensity would be likely associated to a fluctuation of the LF due to the small number of analysed stars. The statistical significance is thus defined as the percentage of times on the total number of simulations in which the relation dA i,sim < dA obs is satisfied. An example of simulated diagram is provided in panel (c) of Figure 4 , while the corresponding LF is shown in panel (d). In the case of NGC 104 we find that the RGBB is significant at the 99.6% level for the 1G stars and 100% for the 2G stars, thus demonstrating that the observed stellar overdensities observed along the two main RGBs of this cluster are due to the presence of the corresponding RGBBs.
CHARACTERIZATION OF THE RGB BUMPS
The procedure described in the previous section for NGC 104 has been applied to all the 56 GCs analyzed in this work, for which we derived the 1G and 2G RGBB magnitude and the corresponding error in all the filters as well as the 1G and 2G RGBB statistical significance in the F606W and F814W bands. For each GC, the LF was obtained by adopting w = 0.1 mag if at least 40 stars in either the 1G or 2G sample were present in the selected 0.8 mag interval centered around the approximate location of the cluster 1G and 2G RGBBs, in the F814W band; if not w = 0.2 mag was adopted. In both cases a grid step of w/10 mag was used.
Because of the poor statistics we decided to exclude from further analysis the 19 clusters with less than 15 stars in both the 1G and 2G sample in the selected F814W magnitude range, namely NGC 288, NGC 2298, NGC 3201, NGC 4590, NGC 5053, NGC 5466, NGC 5897, NGC 6101, NGC 6121, NGC 6144, NGC 6218, NGC 6366, NGC 6397, NGC 6535, NGC 6717, NGC 6779, NGC 6809, NGC 6838 and NGC 7099. Indeed, for these clusters it is not possible to unambiguously identify the presence of the 1G or 2G or both RGBBs.
In twelve clusters, namely NGC 1261, NGC 5024, NGC 5286, NGC 5904, NGC 6254, NGC 6341, NGC 6496, NGC 6541, NGC 6584, NGC 6637, NGC 6656 and NGC 7089, the significance of the RGBB of at least one population is smaller than 90% in the F814W band. Therefore, because of the low significance of their RGBB, we decided to exclude from the following analysis all the previous clusters except NGC 5904 and NGC 6637, both with a 1G RGBB significance marginally below the adopted 90% threshold. Finally, we excluded NGC 2808 because the RGBB of the multiple populations in this cluster was already analysed in Paper III. Table 1 gives the list of the 26 clusters with 1G and 2G RGBBdetection significance 90%, for which we indicate the magnitude difference between the 2G and 1G RGBB, ∆m F336W  F438W  F606W  F814W  F606W  F814W  1G  2G  1G  2G NGC 104 
The effects of C, N, and O on the RGB Bump luminosity
To investigate the physical reasons responsible for the observed magnitude difference between the RGBB of 2G and 1G stars we compared the ∆m
values with the magnitude of RGBB stars derived from synthetic spectra with appropriate chemical composition. To do this, we extended to the RGBB the procedure used in our previous papers to characterize the multiple populations along the MS and RGB. The main steps of our analysis are illustrated in Figure 6 for an RGBB star with [Fe/H] = −0.75 (appropriate for NGC 104).
First, we determined the T eff and gravity (log g) corresponding to the RGBB by using isochrones from the Bag of Stellar Tracks and Isochrones (BaSTI) database 4 (Pietrinferni et al. 2004 (Pietrinferni et al. , 2006 (Pietrinferni et al. , 2009 2G RGB stars in NGC 104 obtained by Marino et al. (2016) and to the average O abundance derived by Carretta et al. (2009) for bright RGB stars. We assumed that these spectra have primordial helium content (Y=0.256).
To investigate the effect of helium variation on the luminosity of the RGBB, we simulated a third spectrum with the same C, N, and O abundance as 2G stars but with an higher helium content (Y = 0.33). The corresponding atmospheric parameters are derived from BaSTI isochrones.
The ATLAS12 and SYNTHE codes (Castelli & Kurucz 2004; Kurucz 2005; Sbordone et al. 2007 ) are used to generate the synthetic spectra in the wavelength interval between 2,000 and 10,000 Å. In the upper panel of Figure 6 is shown the comparison between the spectra of the 1G (red) and the 2G (blue) star with primordial helium content and the 2G star with Y = 0.33 (cyan). The corresponding flux ratios are plotted in the middle panel as a function of λ. For the sake of completeness we show in the bottom panel the normalized transmission curves of the HST filters used in this work.
The flux of each spectrum has been convolved with the transmission curve of the WFC3/UVIS F275W, F336W and F438W filters and with the ACS/WFC F606W and F814W filters, to derive the corresponding synthetic magnitudes and the ∆m From the comparison of the 2G and 1G spectra with primordial helium, we found that C, N, and O variations strongly affect the F275W and F336W magnitudes mostly through the OH and NH molecular bands and result in large magnitude differences between the 2G and the 1G spectrum. Carbon and nitrogen are also responsible for significant flux variation in the wavelength region covered by the F438W filter due to the absorption of CN bands. The effects of C, N, and O are less pronounced in the optical bands where the magnitude difference between the two spectra is 0.01.
In contrast, the comparison between the helium-rich and primordial helium (Y = 0.256) 2G star spectra shows that helium enhancement mostly affects the bolometric luminosity of the star, resulting in a magnitude difference of ∼ 0.07 mag in the F606W and F814W bands.
The fact that optical magnitudes are poorly affected by C, N, O variations but are sensitive to helium, demonstrates that the magnitude difference between 2G and 1G stars in optical bands provide a strong constraint of their relative helium content.
To investigate the effect of light-element variations in the spectra of clusters with different metallicity, in Figure 7 we extended the analysis to the RGB stars of five 12.5 Gyr-old GCs with [Fe/H] = −2.5, −2.0, −1.5, −1.0, −0.5. In all the cases we assumed for the two synthetic spectra the C, N, and O proportions used to derive the spectra plotted in Figure 6 . The flux ratios of the spectra with the chemical composition of 2G stars to those with the chemical composition of 1G stars are plotted in the left panels while the right panels show the corresponding ∆m (2G,1G) X,CNO values obtained for the five HST filters used in this paper.
In the left panels we observe that the strength of the molecular absorption bands increases with metallicity. This trend is reflected, in the right panels, in the variation of the ∆m 
The relative helium abundance of 1G and 2G stars
The analysis of the synthetic spectra demonstrates that C, N, and O variations alone are not able to reproduce the long-wavelength (F438W, F606W and F814W) differences between 1G and 2G stars. As a consequence, the observed magnitude of the RGBBs must also depend on the helium abundance of 1G and 2G stars and can be expressed as:
where the last two terms of this relation indicate the contribute of the C, N, O and helium variations, respectively. In this section, we infer the helium difference between 2G and 1G stars in each cluster by comparing the observed RGBB magnitude separation with the quantities ∆m has been derived for each cluster by using the procedure described in Section 4.1. As the relative C and N abundance of 1G and 2G stars is not available for most of the analysed GCs, modelling their effect on the RGBB luminosity is actually one of the main challenges of our analysis. For simplicity, we assumed for all the GCs the abundance of C, N, and O inferred from high-resolution spectroscopy of stars in NGC 104 by Carretta et al. (2009) and Marino et al. (2016) . Because of this approximation, to minimize the uncertainty on the helium determination, we limited our analysis to those filters and clusters where the contribution of the C, N, and O on the RGBB luminosity is negligible, namely F606W and F814W. Indeed, in these two filters, C, N, and O variations produce RGBB luminosity differences of less than 0.01 mag for metallicities lower than [Fe/H] ∼ −1.0. Therefore, the following analysis has been performed only in the F606W and F814W bands and for the GCs with [Fe/H] −1.0. NGC 104, for which we have accurate C, N, O abundances from spectroscopy, is the only metal-rich cluster included in the analysis.
The F438W magnitude seems also poorly affected by the adopted C, N, and O variations. However, due to the presence of strong CN and CH bands, we prefer to not infer the helium abundance from this filter.
To estimate the quantity ∆m (2G,1G) X,He that best matches the observations, and derive the relative helium abundance between 2G and 1G stars, we used the models of the BaSTI database.
For each cluster we calculated a grid of alpha-enhanced isochrones ([α/Fe] = 0.4): a reference isochrone with standard helium content, Y ≈ 0.25, and a set of helium-enhanced isochrones that, for helium abundances not available in the original grid, have been computed for interpolation among the available grid points. Metallicity and age values were taken respectively from Harris (1996; 2010 ed.) and Dotter et al. (2010) .
To determine the helium difference between 2G and 1G stars from F814W stellar magnitudes we first generated a grid of synthetic CMDs for the RGB stars. Specifically, we simulated a CMD corresponding to the reference isochrone and 100 CMDs derived from isochrones enhanced in helium by ∆Y with respect to the standard value. For each helium-enhanced isochrone, i, we assumed ∆Y i ranging from 0.000 to 0.100 in steps of 0.001.
Each synthetic CMD was derived by using 200,000 artificial stars (Anderson et al. 2008) , to account for the observational errors in colour and magnitude. Moreover, we assumed for the LF of the reference and of each helium-rich synthetic CMD, i, the same slope of the corresponding observed LF.
We determined the RGBB magnitude for each couple of synthetic CMDs, by using the same procedure described in Section 3 for real stars. Then, we estimated the corresponding magnitude difference, ∆m
, and assumed as the best estimate of the helium difference between 2G and 1G stars the value of ∆Y i that provides: ∆m
. We applied the same method to infer the helium abundance from the F606W band.
For example, the procedure for the estimate of the ∆Y between the 2G and 1G stars of NGC 104 in the F814W band is displayed in Figure 9 . The left panel shows the m F814W vs. m F606W − m F814W CMD centred on the approximate location of the RGBB of the two adopted models: the red points indicate the reference isochrone, with Y = 0.256 while the blue ones the He-enhanced isochrone. Both the LFs have been normalized to the peak value of the corresponding kernel density estimate, plotted as a solid curve with the same colour code of the relative model, and the magnitude difference between the peaks of the two curves, ∆m i F814W,He has also been reported. In the case of NGC 104, the magnitude difference due to the C, N, and O variations is ∆m In Table 2 we provide, for the selected 18 clusters, the adopted metallicity and age values, the ∆Y estimates in the F606W and F814W bands and their average value, with the corresponding standard error, in columns 2, 3, 4, 5, 6, respectively. Flux ratio of 2G to 1G reference spectra for RGBB stars with different metallicity (left panels). The corresponding magnitude difference is plotted in the right panels for the five filters used in this paper.
We notice that for each cluster the ∆Y F606W and the ∆Y F814W are consistent at 1σ level, with an average difference of 0.001 ± 0.003. Therefore, we considered the weighted mean of the two values, ∆Y , as our best estimate for the helium difference between the 2G and 1G stars in each cluster.
The mean ∆Y values indicate that, in all the analysed clusters, the 2G stars are helium enhanced with respect to the 1G stars by less than ∼ 0.035 in mass fraction. Moreover in some clusters, namely NGC 4833, NGC 5986, NGC 6681, and NGC 6723, the 1G and 2G stars have the same helium abundance at ∼ 1σ level.
It is worth to notice that, for each cluster, the ∆Y value was derived by assuming that the 1G and 2G stars are coeval, as pointed out by Marino et al. (2012) for the GC NGC 6656 and by Paper IV for the GC NGC 6352. The typical error affecting the estimate of the relative age between the 1G and 2G is between 100 and 300 Myr. For this reason, we decided to relax the condition of coeval stellar generation and repeated the computation of the ∆Y by assuming a population of 2G stars 100 Myr younger than 1G stars. This assumption has no significant impact on our estimates of ∆Y . For example, we obtain, for the cluster NGC 104, a difference in ∆Y 0.001, which is negligible for our purposes. Moreover, we verified that the uncertainty on the age of GCs also does not affect significantly the ∆Y estimates. Again, in the case of NGC 104, an age difference of ±0.75 Gyr, which is the typical error of the age from Dotter et al. (2010) , corresponds to a difference in ∆Y 0.001. Figure 10 displays the histogram distribution of the ∆Y values for the selected GCs and NGC 2808 from Paper III 5 . The histogram was built by using bins of ∆Y = 0.006. The distribution clearly shows that, for the clusters in our sample, 2G stars are 5 Paper III derived the relative helium abundance for the four main populations, namely B-E, of NGC 2808 by following the same method used in this paper. We estimated the value of ∆Y = 0.032 ± 0.008 for NGC 2808 by assuming that population B corresponds to the 1G while the 2G is composed of the populations C, D, and E (see Paper III and Paper IX for details). helium enriched with respect to the 1G stars with a mean value ∆Y = 0.011 ± 0.002, marked by the vertical solid line. The two dashed lines at ∆Y = 0.001 and ∆Y = 0.021 indicate the points at +/− 1σ, respectively, with σ = 0.010. In Paper IX we show that the RGB width in the m F275W − m F814W colour and in the C F275W,F336W,F438W pseudo-colour correlate with the cluster absolute luminosity and with the metallicity. Similarly, the fraction of 2G stars with respect to the total number of stars correlates with the cluster absolute luminosity thus indicating that the incidence and complexity of the multiple-population phenomenon both increase with cluster mass.
Similarly to what we have done in Paper IX, we examined the monotonic relationship between the average helium difference and both the absolute luminosity and the metallicity of the host GCs. We estimated the statistical correlation between each pair of variables by using the Spearman's rank correlation coefficient, ρ, and associated to each value of ρ, an uncertainty σ ρ , that was determined as in Milone et al. (2014) and is indicative of the robustness of the correlation coefficient. Shortly, we generated 1,000 equal-size re-samples of the original dataset by randomly sampling with replacement from the observed dataset. For each i-th re-sample, we have determined ρ i and assumed σ ρ as the 68.27th percentile of the ρ i measurements. As illustrated in Figure 11 , we did not find any significant correlation between ∆Y and both [Fe/H] (ρ = −0.07 ± 0.28) and M V (ρ = −0.30 ± 0.24). It should be noted that the lack of correlation is not in contrast with the results obtained in Paper IX because the average helium abundance differences estimated in this work represent a lower limit for the maximum helium variation in the analysed clusters.
SUMMARY AND CONCLUSIONS
Recent studies based on multiwavelength photometry of GCs have revealed that all the analysed clusters host two discrete groups of RGB stars that correspond to the first and the second stellar generation (Paper I; Paper IX). In this paper, we used the photometric catalogues from the HST UV Legacy Survey of Galactic Globular Clusters (Paper I) and the ACS Survey of Galactic Globular Clusters Treasury Program Anderson et al. (2008) , to search the RGBB of 1G and 2G stars in a large sample of 56 GCs.
We identified, for the first time, the RGBB of both 1G and 2G stars with high significance in 26 GCs by analysing the LF for the RGB stars of each population. For each cluster, we estimated the location of the two RGBBs in the F275W, F336W, F438W, F606W and F814W bands and calculated the magnitude difference . When plotted against the central wavelength of the corresponding filter, X, the quantity ∆m (2G,1G) X exhibits similar trends in all the analysed GCs. Specifically, the magnitude separation between the RGBBs of 2G and 1G stars is nearly the same in the F438W, F606W and F814W bands where the RGBB of 2G stars is typically brighter than that of 1G stars. The relative F336W magnitude difference between the two bumps changes significantly from one cluster to another. In some GCs, like NGC 6723, 2G stars have a RGBB fainter than that of 1G stars in the F336W band, while in other clusters, like NGC 6352 and NGC 6752, the two RGBBs have nearly the same luminosity.
In contrast, the RGBB of 2G stars exhibits a F275W magnitude brighter than that of 1G stars in most GCs.
To understand the physical reasons responsible for the observed magnitude difference of the RGBB stars we computed synthetic stellar atmospheres for RGBB stars by assuming the chemical composition mixtures typical of 1G and 2G stars. We compared the ∆m (2G,1G) X values with theoretical magnitude differences derived from the isochrones of the BaSTI databases and from synthetic spectra. We found that the luminosity of the RGBB in the F275W and F336W filters is strongly affected by the abundance of O and N respectively, through the effect of the OH and NH molecular bands on the stellar atmosphere. The F438W band is affected by strong CN and CH bands but in this case the effect on the magnitude is significantly smaller than in the UV and never exceeds 0.015 mag. Light elements also affect the stellar luminosity of RGBB stars in the F606W and F814W bands, but the corresponding magnitude variation is very small, exceeding ∼ 0.01 mag only in GCs more metal-rich than [Fe/H] −1.0.
Nevertheless, C-, N-, O-abundance variations alone are not able to reproduce the observations and some helium difference between 2G and 1G stars is needed to reproduce the observed values of ∆m (2G,1G) X . By comparing the theoretical F606W and F814W magnitudes of 1G and 2G RGBB stars derived from synthetic spectra and from isochrones, we estimated the average helium difference, ∆Y , between 2G and 1G stars in 17 GCs with [Fe/H] −1.0 and in NGC 104, for which accurate C, N, and O abundances are available from high-resolution spectroscopy. This is the first determination of relative helium abundance of multiple populations in a large sample of GCs. We found that the 2G stars are more helium-rich than the 1G stars in most GCs, and that in all the GCs the average helium difference is smaller than ∆Y ∼ 0.035. On average, the 2G stars are enhanced in helium by ∆Y = 0.011 ± 0.002 with respect to the 1G stars.
It should be noted that the estimated ∆Y are determined through the luminosity of the RGBB and therefore are associated to the entire stellar structure rather than to atmospheric helium abundance variations.
The findings that the stellar populations of some GCs exhibits large helium differences up to ∆Y ∼ 0.14 (e.g. Norris 2004; D'Antona et al. 2005; Piotto et al. 2007; King et al. 2012) are not in contrast with the conclusions of this paper. Indeed, both the 2G and 1G stars of the studied GCs host sub-populations of stars with different helium and light element abundance (e.g. Paper III; Paper IX). For this reason, the difference between the average helium abundance of the 2G and 1G stars is significantly smaller than the maximum helium internal variation within each GC.
The results of this paper, which are based on the luminosity of the RGBBs, further corroborate similar findings based on independent techniques and demonstrate that 2G stars are enhanced in helium, as earlier suggested by D' Antona et al. (2002) on the basis of the HB morphology of some GCs.
Most scenarios on the formation of multiple populations in GCs have suggested that 2G stars born from the material polluted from massive 1G stars. The nature of the polluters is still debated and AGB stars, fast-rotating massive stars, and supermassive stars are considered possible candidates (Paper V). In this context, several authors have estimated the helium abundance that we would expect if 2G stars formed from pure ejecta coming from a previous generation of polluting stars (e.g. Ventura & D'Antona 2009; Decressin et al. 2007; Denissenkov & Hartwick 2014) .
They concluded that, if AGB or super-AGB stars are responsible for the chemical composition of 2G stars the helium content of 2G stars would never go beyond Y = 0.40, while in the case of fast-rotating massive stars we would expect that some 2G stars have helium content larger, or even much larger than 0.40 in mass fraction (e.g. Chantereau et al. 2016 ). However caution is necessary when using the average helium difference between 2G and 1G stars to constrain the maximum helium (and light elements) variations predicted by pollution models. Indeed, the average helium difference between 2G and 1G stars does not necessarily reflect or correlate with the maximum internal variations of the same element in GCs.
Both the average and the maximum helium abundance variations represent essential ingredients to shed light on the knowledge of the formation process of 2G stars in GCs.
